The production and consumption of safe and hygienic milk is a major concern in a developing country like Nepal. Adoption of food safety measures at farm level can play a critical role in ensuring quality and safety of the milk. This study has examined the factors influencing the acceptance/rejection rates for milk samples using a linear probabilistic and binary probit regression models. The study is based on milk safety survey data gathered from milk producers in six milk-producing districts of Nepal. The study has found that the dairy farmers adopting higher food safety measures have an increased probability of acceptance rate of their milk samples. Dairy farmers associated with a cooperative society, have depicted a higher probability of milk acceptance by 17 per cent. A higher milk sample acceptance rate has been found among the marginal and lower caste households in Nepal.
Introduction
Mitigating the impact of food-borne diseases by ensuring compliance with food safety standards continues to be a major challenge in the developing countries (Chakrabarti, 2013; Grace et al., 2015) . Food is an excellent conduit for pathogen transmission and milk is one of the riskiest food products from health point of view (Thomas et al., 2013; Mangen et al., 2014; Kirk et al., 2014) . Further, in developing countries, the majority of milk producers are smallholders and milk marketing is dominated by the informal sector (Grace et al., 2010; Kumar et al., 2011; 2013) . There is widespread concern about the food safety risks associated with milk produced by smallholders and sold through informal markets. For a country with one of the worst child nutrition statistics in the world, safe and hygienic milk production is critical. Indeed, these concerns about public health often induce policymakers to advocate for modernization and industrialization of the dairy sector (Grace et al., 2007) .
The production of safe and hygienic milk has been one of the main issues in the dairy sector of Nepal (Kumar et al., 2017) . In a study conducted by Dahal et al. (2010) , the mean total bacterial count (TBC) in milk in Nepal was 9-times higher at the farm level and 104-times higher at processing-plant level compared to their corresponding international standards. There have been numerous complaints regarding the quality of milk at the consumer level. In the study conducted by the National Dairy Development Board of Nepal (NDDB, 2014) , it was found that about 17 per cent of consumers perceive milk to be adulterated with water, 13 per cent think that milk has a bad odour, and 19 per cent think that milk is not tasty. Effective interventions to mitigate * Author for correspondence food safety risks across the food value chain are the pre-requisites for containing these risks. In this context, the adoption of good agricultural practices (GAP) has emerged as one of the key strategies for reducing the probability of contamination in food products. The Government of Nepal and the National Dairy Development Board of Nepal have developed a code of conduct for adoption of good dairy practices to ensure production of clean milk. Nepal has a poor record of compliance with food safety practices. Milk cooperatives and dairy processors often reject milk brought by the dairy farmers due to its poor quality. This can leave farmers in a predicament, especially if their principal source of income is dairying.
A number of factors can lead to the rejection of milk. The past studies have found that some farmers unethically add water to increase its volume or add thickening agents like starch, flour, skimmed milk powder, or other ingredients to enhance the solid content of the milk (Walker et al., 2004; Soomro et al., 2014) . Failure to adopt and comply with food safety measures at the farm level can be one of the biggest reasons for milk contamination and rejection of milk samples. This study tests an important hypothesis that "The adoption of milk safety measures increases milk sample acceptance rates in Nepal". Against this backdrop, this study attempts to understand the factors associated with the acceptance of milk by the milk buyers (from both private and public agencies) in Nepal.
Most of the earlier studies have focused on food safety issues at the exporter level (Jongwanich, 2009; Handschuch et al., 2013; Dou et al., 2015) , processor level (Jensen et al., 1998; Jensen and Unnevehr, 2000; Gould et al, 2000; Buckley, 2015) , manufacturer level (Antle, 1996) and retailer level (Mortlock et al., 2000) . Very few studies have examined food safety status at the farm level (Kumar et al., 2011; Kumar et al., 2017) . Moreover, as per our knowledge, none of the studies has analyzed the determinants of milk sample acceptance at the farm level. The findings presented in this paper are expected to help improve the milk acceptance rate, increase hygienic milk production and boost the income of dairy producers in Nepal.
Data and Methodology

Data
The primary data for this study were collected using a pre-tested questionnaire. The survey was conducted in 2015 by the International Food Policy Research Institute (IFPRI) and the Institute for Integrated Development Studies (IIDS). The data were collected from six selected districts that are well-known for milk production in Nepal. These were: Illam, Kavre and Surkhet from the Hilly region, and Morang, Rupandehi, and Banke from the Terai region. In terms of development region 1 , Illam and Morang districts are from the eastern region, Rupandehi and Kavre are from the central region, and Banke and Surkhet are from the western region of the country. After discussions with the district livestock officers (DLOs), the major village development committees (VDCs) in dairy farming were identified. Households involved in dairy farming from each VDC were then randomly selected. The number of households selected from each district was proportional to the number of households involved in dairy farming. In total, 901 households were surveyed (204 in Kavre, 112 in Illam, 126 in Surkhet, 204 in Morang, 166 in Rupandehi, and 89 in Banke).
The data-set contains information about socioeconomic and demographic characteristics of farm households, and provides insights about farming practices and compliance with food safety standards. The analysis of this study is based on the question whether the milk sample was accepted or rejected by milk buyers during the past one month of survey. At the village level, the quality check for milk generally involves a test for water adulteration, and an assessment of colour and odour. It does not include testing for the adulteration of chemicals such as hydrogen peroxide, carbonates, caustic soda, etc. Most farmers did not reveal the reasons for rejection of their milk samples. In the total sample of 901, only 340 farmers reported the acceptance or rejection of their milk samples in the quality test. Thus, our analysis is based on the results from 340 households only.
Methodology
To produce safe and hygienic milk, various food safety measures need to be adopted at the farm level.
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In this survey, various questions related to food safety measures required for clean milk production were asked from the farmers. Kumar et al. (2017) have identified 42 practices, which are important for hygienic milk production at the farm level. These practices were categorized into four broad groups: (a) Hygienic Milking (16 practices); ( b) Hygienic milk storage (10 practices); (c) Maintenance of hygienic premises and surrounding environment (11 practices); and (d) Animal health (5 practices). We generated the food safety index similar to of Kumar et al. (2017) as the weighted sum of the proportion of the food safety measures. The weights of 0. 35, 0.20, 0.25, and 0.20 were assigned to hygienic milking, hygienic milk storage, animal health, and hygienic dairy environment/ surrounding, respectively. The food safety index (FI) for the i th farm was computed by Equation (1) :
where, w j is the weight assigned to the j th food safety measures category and p j is the proportion of the food safety measures practised in each category. These weights add up to one and the FI ranges between 0 and 100 (expressed in terms of percentage). We computed FI to test whether or not the increased adoption of food safety practices translated into higher acceptance rates of milk samples by the buyers. We considered FI as one of the important explanatory variables in our econometric model. Our dependent variable is the binary variable of acceptance or rejection of milk-sample in the test. Given the binary nature of the dependent variable, we used linear probabilistic and binary probit regression to study the factors associated with the acceptance of milk sample. We were mainly interested in assessing whether the higher adoption of food safety measures was associated with a higher milk-acceptance rate. The adoption of food safety measures by a household can be correlated with different socio-economic and other unobserved factors that can also influence the acceptance rate of milk samples of dairy farmers. Since we did not find a valid instrument, we relied on first estimating the parsimonious model (only including the food safety index variable) and then controlling for other variables in the subsequent models. Our parsimonious model can be expressed by Equation (2):
where, Y is the dependent variable (1/0) indicating whether milk is accepted (1) or rejected (0) by the buyer, X are the intercept and the food safety index variables, α are the coefficients to be estimated and ε is the error-term that is independently and identically distributed in the case of linear probabilistic regression model while following normal distribution in the case of binary probit regression model. The second model adds demographic variables such as age, ethnicity, family size, number of children and elderly members in the family, and education level to the first model. We also accounted for a district-fixed effect to capture the influence of factors that do not vary within the districts. The second model including demographic variables is expressed as Equation (3):
where, S is a vector of demographic variables, and D is a dummy variable taking account of the district-fixed effects. The third model includes the variables related to farm characteristics such as farm types, total annual income, annual income from dairy sector, herd size, proportion of animals giving milk in a herd, dairy farming experience, and association with a cooperative. The third model is expressed by Equation (4):
where, F indicates the vector of farm characteristic variables. We presented the robust standard errors correcting heteroscedasticity in the data. The variables incorporated in Equation (4) are presented in Table 1 .
Results and Discussion
Descriptive Results
The descriptive statistics of variables used in the analysis are presented in Table 1 . Out of 340 farmers, milk samples from 50 farmers (about 15%) were rejected while milk samples from 290 farmers (85%) passed the test. The average age of household-head in the sample was 48 years. About 78 per cent of them have studied at least up to primary education level. The average size of the family was 7 members. In terms of landholdings, the farmers have been categorized into 4 groups -(1) Marginal (< 0.33 (ha), (2) Small (0.33-1 ha), (3) Medium (1-2 ha), and (4) Large (> 2 ha). The majority of farmers were marginal (65%), followed by small (28%) households. The average number of bovine animals per farm was 4 and on an average, about 35 per cent of them were giving milk. The average adoption rate of food safety practices of a dairy farm was found to be 75 per cent.
The milk safety compliance rate was higher for those dairy farmers whose milk sample passed the test. The average adoption rate among the milk sample passed group was 77 per cent, while the milk sample failed group had 66 per cent adoption of food safety practices 2 . The proportion of Bahun/Chhetri 3 was 64 per cent in milk sample failed group and 83 per cent in milk sample passed group. Similarly, the proportion of lower social castes in milk sample failed and passed groups was 2 per cent and 4 per cent, respectively. There was a slight difference in the average size and composition of the families between milk sample passed and failed groups. A slight difference in annual income from dairy was found between the passed and failed groups. The average annual income of farmers whose milk sample failed the test was higher (NPRs 6.2 lakh (NPRs = Nepali Rupees), i.e. higher than those whose milk sample passed the test (only NPRs 2.2 lakh). Similarly, the average annual income from the dairy sector was higher for the milk sample failed group (NPRs 1.5 lakh), than for the milk sample passed group (NPRs 0.97 lakh).
The comparison of dairy households in terms of farm sizes revealed that the proportion of marginal households was less in the milk sample failed group than that of the milk sample passed households. On an average, farmers whose milk samples were accepted, possessed a fewer number of animals than that of the milk sample failed group. In contrast, the proportion of in-milk animals was higher (38%) in the milk sample passed group than in the milk sample failed group (22%). Milk sample was accepted for the passed group while it was rejected for the failed group. Table 2 shows the acceptance and rejection rates of milk by different buyer groups. The rejection rate of formal milk processors was highest (33%), followed by informal milk processors (11%) and cooperatives (2%). However, the milk-buyer self-help group did not reject the milk samples. The dairy farmers associated with cooperatives and self-help groups often undergo various trainings related to food safety, nutrition, hygiene, etc. They are also conscious about the reputation of the cooperatives. Therefore, these dairy farmers are more sensitive towards producing hygienic and safe milk and avoid adulteration. These are some of the probable reasons why the farmers associated with the cooperatives experienced a lower milk rejection rate. However, the rejection rate is higher in the case of formal and informal milk processors. This is not surprising because they are the private milk buyers and do rigorous testing before buying milk. Thus, these acceptance and rejection patterns of milk samples provide insights into the quality of milk being delivered by the milk producers in Nepal.
The bivariate relationship between food safety scores and the average herd size for the milk-sample passed and milk-sample failed groups is depicted in Figure 1 . We generally expect a positive correlation between food safety scores and herd size in the milksample passed group, and a negative correlation in the milk-sample failed group. But, what Figure 1 reveals is just the contrast. The dairy farmers were more likely to be associated with a cooperative in the milk-sample passed group (67%) than in the milk-sample failed group (7%). The difference was found to be statistically significant. Although no statistical difference in the dairy farming experience was found between milk 
Figure 2. Food safety index and number of years involved with dairying
sample passed and failed groups, a slight positive relationship was observed between food safety scores and dairy farming experience in the milk sample passed group (Figure 2 ).
Empirical Results
The empirical results from the linear probability regression model are presented in Table 3 . The impact of food safety index-the variable of our interest -is found positive and statistically significant in all the models. This presents a robust evidence of the positive effect of adoption of food safety measures on the milk sample acceptance rate. The magnitude of coefficient reduces after controlling for the demographic and farm characteristics, suggesting the importance of these variables in influencing the milk-samples acceptance rate. The coefficient of determination 0.34 indicates that our full model (independent variables) explains about 34 per cent of the variations in the dependent variable (milk-samples acceptance rate). Since the Akaike Information Criterion (AIC) test shows the third model to be a better-fit model (has the minimum AIC value), we have interpreted results only from the full model.
The variables food safety index, lower social caste, marginal landholding, and association with a cooperative have been found to be statistically significant at standard test levels ( Table 3 ). The increase in food safety index by additional one unit is associated with increase in milk-sample acceptance rate by about 1 per cent. This increase in acceptance rate is critical for the marginal and small milk-producing households as they depend on cash from milk-sales to meet their daily needs. Moreover, many of these farmers are likely to consume the buyer-rejected milk instead of safely discarding it, which may have negative effects on the health of the whole family.
The households from lower social castes have roughly 15 per cent higher rate of milk-samples acceptance. Most of these lower caste households are economically poor and are mainly targeted as potential beneficiaries of development projects (Domelen, 2007) . They might have received training on milk safety measures or might have been more risk averse.
The milk-samples acceptance is likely to be more from marginal farms than other farms by about 12 per cent. And this is not surprising because marginal farms have limited livelihood opportunities and therefore, are highly sensitive towards the rejection of milk-samples. The larger farms generally have multiple income sources and thus can bear the risk of milk-samples rejection. The farms associated with the cooperative groups have been found to have a higher probability of milk acceptance, illustrating the value of membership in a cooperative. If a farm is associated with a cooperative group, the probability of its milk being accepted increases by about 17 per cent. The association with cooperatives has been found to have a positive impact on the adoption of food safety practices in milk production in some previous studies as well (e.g. Kumar et al., 2013; Kumar et al., 2017) . The cooperative societies provide training to their members on livestock rearing, hygienic milk production, milk handling, and distribution. Any unethical activity by a member can tarnish the reputation of the whole cooperative society. Therefore, a farm affiliated with a cooperative group is likely to adopt the best dairy practices governing milk safety and its hygiene. Table 4 presents the results of robustness test using a binary probit regression model and provides the marginal effects. While the results from marginal effects can be interpreted directly in terms of the probability of acceptance versus rejection, the coefficients obtained from the binary probit regression model do not have any meaningful interpretation. Only the sign of coefficients can be interpreted in terms of increasing/decreasing effects on the probability of milksamples being accepted or rejected. While comparing the results in Table 3 (full model) and Table 4 , the sign and statistical significance of the coefficients remain preserved for the majority of the variables, indicating the robust results, especially on the effect of increased milk safety measures on the milk-samples acceptance rate. The marginal effect in the probit model indicates that an increase in food safety index by 1 per cent is correlated with an increase in milk-samples acceptance rate by 0.4 per cent. The farmers with small landholding will have 17 per cent greater chance of milksample acceptance while association with cooperatives increases the milk acceptance rate by 16 per cent. The annual income variable, which was not significant in the linear probability model, turned out to be significant in the probit model. The increase in annual income of dairy farmers by an additional NPRs 1 lakh reduces the probability of milk acceptance by 1 per cent.
Conclusions and Policy Implications
This paper has looked into an issue which has both social and economic relevance for Nepal. Practically, most of the households in Nepal buy milk but milk buyers sometimes do not accept the milk produced by dairy farmers. The rejection of milk has an adverse economic impact on the welfare of marginal and small farmers who obtain a large portion of their household income from milk sale. The main objective of this study was to assess whether the adoption of higher milk safety measures translates into increased milk-samples acceptance rate. For this study, we conducted a household survey among dairy farmers in 6 well-known dairy-producing districts (Illam, Surkhet and Kavre from Hill; Morang, Banke and Rupandehi from Terai) of Nepal. We asked questions regarding socioeconomic characteristics, herd size, adoption of milk safety measures, feeding, milk handling and its transportation, etc.
This study is based on information gathered from the dairy farmers regarding their milk samples being accepted or rejected in the quality test. Since this is a sensitive issue, we received response only from 340 dairy farmers. We have found that one unit increase in the food safety index increases the milk acceptance rate by 1 per cent. Also, the acceptance rate was higher for the lower social caste and marginal households. The dairy farms associated with a cooperative group have also depicted 17 per cent higher chance of milksamples acceptance, highlighting the importance of a cooperative group.
Our findings have important policy implications. We suggest that dairy farmers, however small they may be, should be educated and persuaded to be associated with a cooperative group. Any government policy for promotion of dairy cooperatives will in turn help farmers increase their milk-samples acceptance. The observed positive correlation between food safety index and milk-samples acceptance rates suggests that trainings and sensitization on the hygienic and safe milk production practices is critical for dairy farmers in Nepal. And therefore, efforts should be made to organize such programs regularly in the country.
This study faced some limitations also. First, we did not receive response from all the dairy farmers we attempted to contact. Second, the milk was not accepted sometimes based on physical factors like smell, colour, and thickness. There is a need to conduct future studies focusing on scientific testing of milk samples and reducing non-response bias of dairy farmers in Nepal. 
